Early Carotid Atherosclerosis in Healthy
Middle-Aged Women atheromatous plaques, and more generally to investigate risk factors for development and regression of both atheromatous plaques and intimal-medial thickening.
Subjects and Methods The initial study population consisted of apparently healthy French women who volunteered for a standard health check-up at the Center of Preclinical Investigations in Paris, France. They were invited to participate in the study if they were aged 45 to 54 years, were born in France, and gave an informed consent to further clinical and biological investigations. Between January 1988 and November 1989, an ultrasound examination of the carotid arteries was performed in 518 women free of cardiovascular disease and diabetes. The baseline examination also included height and weight measurements, blood pressure recording, biological measurements, and assessment of medical history and personal habits (smoking, use of antihypertensive drugs and sex hormones) with a self-administered questionnaire. The women were invited to a 2-year reexamination from January 1990 to October 1991. Among the 518 recruited women, 105 (20.3%) were lost to follow-up and 413 underwent a clinical reexamination. However, the follow-up ultrasound assessment of the carotid arteries could not be performed for logistic reasons in 105 women. Thus, 308 women underwent a complete reexamination. Their baseline characteristics were compared with those of women who were not followed-up or were followed-up incompletely. There were no significant differences between them in cardiovascular riskfactor levels (age, smoking status, blood pressure, and blood lipids) and in the degree of carotid atherosclerosis. The prevalence rates of intimal-medial thickening and atheromatous plaques were respectively 33.8% and 7.5% in women who underwent a complete reexamination and 26.2% and 10.9% in those who did not.
Details of the protocol of ultrasound examination were given elsewhere. 15 Briefly, B-mode ultrasound imaging was performed at both examinations by a single trained physician according to the same protocol with a 7.5 MHz transducer having an axial resolution of 0.5 mm. At the follow-up examination, the examiner had no knowledge of the results obtained at the first examination. The study protocol entailed scanning the near and far walls of carotid bifurcations and of the common carotid arteries (CCAs) in their mid and distal portions. All measurements were made at the time of scanning with the instrument's electronic calipers to the nearest 0.25 mm. Two types of lesions were recorded by the sonographer: intimal-medial thickening and atheromatous plaque. The intimal-medial thickness was defined as the distance between the medial-adventitial interface and the luminal-intimal interface. The intimal-medial thickness was measured on the central portion of a longitudinal B-mode scan visualizing the mid and distal CCA (generally, about 2 cm below the beginning of the dilatation of the distal CCA). The measurements were made on the far wall and the parallelism of the echogenic lines characterizing the interfaces was a necessary condition for choosing the site of measurement. The distribution of intimal-medial thickness in previous studies17,18 led us to consider the arterial wall thickness as abnormal if it was greater than or equal to 0.75 mm, and only the presence or the absence of an intimal-medial thickening was recorded by the sonographer. The Several methodological considerations should be kept in mind before interpreting our findings. First, as the recruitment of the study subjects was made on a voluntary basis, our sample cannot be considered representative of the French middle-aged female population. A self-selection bias leading to an over-representation of women at high risk of cardiovascular disease, and thus at high risk of carotid atherosclerosis progression, could partly explain the accelerated development of intimalmedial thickening and, to a lesser extent, of plaques observed in our study. Moreover, the relatively high proportion of women who were lost to follow-up might have strengthened this selection bias. Examination of baseline characteristics did not reveal, however, any significant differences between women who underwent an ultrasonographic reassessment and those who did not. Second, our results are dependent on the reliability of B-mode ultrasonography for detecting changes in carotid atherosclerosis. The strength of the present study lies in the fact that the intrasonographer variability represents the only source of variability. The intersonographer reproducibility of the degree of carotid atherosclerosis was 0.62, whereas the interreader and the intrareader reproducibility were 0.71 and 0.86, respectively. It is generally accepted that the major part of variability in B-mode measurements is due to ditferences between sonographers, whereas the intrasonographer and the intrareader/interreader variability appears smaller. Thus, it is likely that the intrasonographer reproducibility, not assessed in the present study, would have been better than the intersonographer reproducibility. However, misclassifications have certainly occurred in some instances. The lack of precision of our B-mode system and poor visualization of the interfaces (because of anatomic characteristics or obesity) might partly explain misclassifications. We reanalyzed our longitudinal data by computing a K coefficient from data given in Table 1 . The concordance between the degree of carotid atherosclerosis obtained at first examination and that obtained at follow-up examination was poor (K, 0.26; 95% confidence interval, 0.17 to 0.34). It signifi- 13 Because of the imprecision of our measurements, the high rates of change in intimal-medial thickening observed in our study need to be considered with caution. However, they suggest an overall trend for an increase in intimal-medial thickness with time in middle-aged women, which is consistent with that observed in middle-aged Finnish men.
Our study showed that smoking, high levels of total cholesterol (or Apo B), and blood pressure were independent predictors of development of carotid plaques in women initially free of atheromatous plaques and thus confirmed our cross-sectional results obtained in a larger population sample. '8,11,32,33 In some of these studies, accelerated progression of carotid atherosclerosis was associated with increasing age,3'11 hypertension,8 smoking,3 high total or LDL cholesterol,3132 whereas these risk factors did not emerge as significant predictors in the other studies. One explanation for the discrepancies between studies lies in differences in populations. Our study investigated very early phases of carotid atherosclerosis in apparently healthy women initially free of any atherosclerotic plaques. On the other hand, previous studies generally examined progression of preexisting atherosclerotic lesions in high-risk populations. Thus, it is likely that potential risk factors such as hypertension, smoking, or hyperlipidemia that have already affected these populations had only a limited influence on further progression of advanced atherosclerotic lesions. It has been suggested that local factors might be more important than systemic factors in the evolution of stenosing plaque.8'10 To our knowledge, factors associated with spontaneous regression of small plaques have not been previously studied. Although our results remain inconclusive because of our small sample size, they suggest that a regression might occur for smaller plaques in subjects with a favorable cardiovascular risk profile. These findings support the hypothesis that repair mechanisms involving both local and metabolic factors may take place at the onset of carotid atherosclerosis. 9 The significance of an ultrasonographically detected intimal-medial thickening is still unclear. This is due partly to the inability of ultrasound methods to discriminate between the intimal and the medial layer of the arterial wall. Although atherosclerosis is recognized as a disorder of the intima, an increase in the intimal-medial thickness has been considered as an early indicator of the atherosclerotic process by several ultrasonographic studies. Associations between increased intimal-medial thickness and enhanced levels of cardiovascular risk factors,34-37 the extent of coronary atherosclerosis38 or an increased risk of myocardial infarction7 give some support to this assumption. In the present study, we found a borderline association between initial diffuse intimal-medial thickening and the subsequent development of carotid plaques. This association was slightly reduced after adjustment for cardiovascular risk factors. These results are consistent with the hypothesis that common mechanisms underlie both types of lesions which may be considered as successive manifestations of the atherosclerotic process. The observation of an association between initial lipoprotein levels and the regression of intimal-medial thickening (and to a lesser extent the development of intimal-medial thickening) suggests a major contribution of atherogenic lipoproteins in the early changes of the arterial wall. However, other factors may be involved in the development of intimalmedial thickening. Thus, intimal-medial thickening has also been viewed as a physiological adaptive response to mechanical stresses or to age-related structural changes in the arterial wall such as a decrease in the elastin-tocollagen ratio. 39 In accordance with a previous study,13 age emerged as a major risk factor for development of intimal-medial thickening. Interestingly, no association was found between age and the regression of intimalmedial thickening. This suggests that irreversible changes in the structure of the arterial wall related to aging might be partially responsible for the increase in the intimal-medial thickness. On the other hand, we failed to show any association between blood pressure and either the development or the regression of intimalmedial thickening. This latter result contrasts with the cross-sectional associations previously reported.15 '28 35'37 However, the longitudinal study in Finnish men also failed to detect any association between initial blood pressure and changes in intimal-medial thickness.13 Our negative finding may be due to a lack of statistical power or to the relatively short duration of follow-up. Another possible interpretation is that high blood pressure might be a consequence rather than a cause of intimal-medial thickening.
Whatever the mechanisms leading to intimal-medial thickening, our study suggests an increased susceptibility to formation of atherosclerotic lesions in women with diffuse intimal-medial thickening of the CCAs. Clearly, this result needs to be confirmed in larger longitudinal studies using more precise and more reliable ultrasonographic measurements of both intimalmedial thickness and plaques. Better knowledge of the factors involved in the development and regression of intimal-medial thickening appears to be of special importance for the prevention of early atherosclerosis.
